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Abstract 



We detected an anubody to a 48 kd antigen of the central nervous system in the serum from a demented patient with an autoimmune 
disorder. To identify and characterize the antigen, we screened a human cerebral cDNA library and performed immunoblot analysis 
following two-dimensional gel electrophoresis (2-D blotting). The sequences of the isolated cDNA fragments were homologous to human 
ghal fibnllary acidic protein (GFAP). Two-D blotting using patient serum revealed that the antibody reacted with a restricted subset of 
GFAP molecules which exhibited relatively high isoelectric points. Furthermore, to elucidate the importance of the anti-GFAP antibody in 
dementia, we screened for the presence of an anti-GFAP antibody in the sera of 46 demented patients: 26 with Alzheimer's disease and 20 
with vascular dementia (VD). We found an anti-GFAP anubody in the serum of only one paUent with VD. Two-D blotting revealed that 
the anu-GFAP antibody in the serum from the VD patient reacted with a more acidic subset of GFAP molecules compared with the 
ant3<iFAP antibody from our patient. In conjunction with the fact that the GFAP molecule with high isoelectric point was insoluble and 
less degraded, these results suggested that the anu-GFAP antibody in the serum of our patient was not generated due to a secondary 
response to soluble and degraded GFAP which leaked through the damaged blood-brain hairier as found in the VD patient, but was 
generated acuvely on the basis of dysregulation of the immune system. Possible effects of the autoanubody on astrocytic function and the 
pathogenesis in dementia are discussed. © 1997 Elsevier Science B.V 

Keywords: Autoimmune disorder; Alzheimer's disease; Vascular dementia; AnU-GFAP antibody; cDNA cloning; Two-dimensional ^el 
electrophoresis; Isoelectric point ^ 



1. Introduction 

Dementia may be caused by immune-mediated mecha- 
nisms eidier solely or in association with other autoim- 
mune disorders. For example, Rasmussen*s encephalitis is 
reported to have a causative relationship to anti-glutamate 
receptor antibody (Rogers et al., 1994). Paraneoplastic 
limbic encephalitis, which is characterized by severe 
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impaiment of recent memory, is associated with anti-Hu 
antibody (Anderson et al., 1987; Posner, 1991). CaseJIi et 
al. (1991. 1993) reported on two demented patients with 
primary Sjogren's syndrome (SS). The patients were first 
diagnosed as having Alzheimer's disease (AD), but treat- 
ment with prednisone was successful in alleviating their 
symptoms, indicating the similarity of the symptoms of 
AD to those of chronic meningoencephalitis which occurs 
in SS. Understanding of the mechanisms underiying im- 
mune-mediated or autoimmune dementia is important 
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because it . may be treatable and ^so^letimes reversible. 
Dubovik et al. (1993) reported on experimental autoim- 
mune dementia (EAD) generated in rats by immunization 
with the high molecular weight neurofilament protein, one 
of the intermediate filaments, to establish an animal model 
of dementia EAD is not only an animal model of 
autoimmune dementia but important evidence that such an 
intracellular protein can be recognized and attacked by the 
immune system. Furthermore, in patients with AD. im- 
mune mechanisms seem to contribute to the progress of 
dementia (Serot et al.. 1992; Heinonen et al.. 1993). In 
fact, non-steroidal anti-inflammatory drugs are reported to 
be effective in some patients diagnosed as having AD 
(Rich et al.. 1995), . 

We found a circulating antibody to a 48 kd antigen of 
the central nervous system (CNS) in a patient with an 
autoimmune disorder and dementia that clinically resem- 
bled AD (Kaneko et al, 1993). We hypothesized that an 
immune response to the antigen might play a role in the 
development of dementia. We also speculated that the 
antigen nrught be involved in the pathogenesis of AD. 
Herein, we describe cloning of the cDNA encoding the 48 
kd antigen and characterization of the immunochemical 
properties of the antigen. We demonsu-ated that the antigen 
belongs to a unique subset of glial fibrillary acidic protein 
(GFAP) molecules and speculate that it might be related to 
the pathogenesis of the dementia in our patient. 

2. Materials and methods 



2.1. Patient report 

TMjdinical_course_of_dementia_in_the_patient_has-been- 

reported elsewhere (Kaneko et al., 1993). Briefly, a 54 
year old man suffered from progressive impairment of 
memory and mental activity over a two year period. 
Neurological examination revealed memory disturbance 
and construction apraxia. His IQ was 45 on the Suzuki- 
Binet scale. Laboratory examinations revealed the presence 
of anti-nuclear antibody (ANA) and anti-ribonucleoprotein 
(RNP) antibody in his serum, but the patient's symptoms 
did not meet the criteria for diagnosis of classical au- 
toimmune disease. Examination of his cerebrospinal fluid 
(CSF) revealed lymphocytic pleocytosis (68/mm^) and 
elevated protein concentration (98 mg/dl) with high 
immunoglobulin G (IgG) index (36%). A magnetic reso- 
nance imaging scan of his head revealed mild atrophy of 
the frontal and temporal lobes. Oral prednisolone therapy 
(60 mg/day) did not alleviate the neurological impair- 
ments in spite of an improvement in the IgG content in the 
CSF and in the serum ANA titer. 

The patient was first diagnosed as having AD. but the 
initial diagnosis was amended to autoimmune dementia 
because of the presence of an autoantibody to a 48 kd 



antigen of the CNS in his serum and the CSF and the 
abnomfial findings in the CSF. 

2.2. cDNA cloning strategy 

In addition to the antibody to the 48 kd CNS antigen, the 
serum from the patient contained antibodies against con- 
stituent proteins of Escherichia coli in large quantities and 
autoantibodies such as ANA and anti-RNP antibody. The 
anti-£. coli antibodies could not be removed from the 
serum by pseudoscreening or column chromatography due 
to their high concentration (Sambrook et al., 1989). 
Therefore, we could not perform immunological screening 
to identify the target antigen using the patient's serum as a 
probe (Sambrook et al., 1989). Thus we screened a cDNA 
library using an alternative strategy as shown in Fig. 1. 
Using this method, we carried out immunoscreening 
without the influence of autoantibodies and anti-£. coli 
antibodies. 

2.2. L Tissue samples 

Samples of bovine nervous system tissue (cerebmm, 
cerebellum and spinal cord) were obtained from a local 
slaughterhouse. Samples of human cerebrum were ob- 
tained at autopsies of neurologicaliy normal patients. The 
autopsies were performed within 10 h after patients' 
deaths. Samples were immediately frozen and stored at 
-80T until use. 

2.2.2. Western blot analysis 

Tissue samples were homogenized with lysis buffer [20 
mM Tris-HCl pH 7.4. 0.1% sodium dodecyl sulfate 

Purification of the 48-kd antigen from SDS-PAGE gel 

i 

Immunization of mouse wick the antigen 
I 

Affinity purification of IgG from the mouse serum 
i 

Screening of human cerebral cDNA library using the mouse IgG 

I 

Extraction of phage DNAs from the positive clones 
1 

Subcloning of the cDNAs into pGEX 4T-3 expression vector 
i 

Induction of expression and purification of fusion proteins 
i 

Western blot analysis of the fusion proteins 
using the serum from the patient 

i 

Analysis of nucleic acid sequences of the positive clones 

Fig. 1. Strategy for cloning of Uie cDNA encoding the 4S kd CNS 
antigen. 
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(SDS), 1% Triton X-100. 1% sodium deoxycholate] and 
the protein concentration of the homogenate was deter- 
mined by the Bradford method (Bradford, 1976). These 
samples were mixed with modified Laemmli's sample 
buffer (2% SDS, 20% sucrose, 20 mM Tris, 2 mM EDTA, 
80 mM dithiothreitol (DTT) and then subjected to SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) (Laem- 
mli, 1970). Separated proteins were electrophoreticaUy 
transferred to nitrocellulose membranes (Towbin et al., 
1979). The membranes were incubated with the diluted 
human sera or mouse antibody for 1 h, and after three 
washes, reacted with peroxidase-conjugated goat antibody 
to human IgG (Sigma, St. Louis. MO, USA) or mouse IgG 
(Sigma)» respectively. Immunoreactivity of the antigens on 
the membranes was visualized by an enhanced chemi- 
luminescence western blotting detection system (Amer- 
sham, Bucks, UK). 

2.2.i. Two-dimensional gel electrophoresis (2-D EP) 
and immunoblot analysis following 2-D EP (2-D 
blotting ) 

Bovine cerebral proteins were separated by 2-D EP 
using a Pharmacia Multiphor II unit (Pharmacia Biotech, 
Uppsala, Sweden) as described by Bruun et al (1993). For 
the first-dimension electrophoresis, 1000 [Lg of cerebral 
sample, homogenized in 2-D EP sample buffer, was loaded 
at the anodic side of the 11 cm DryStrip 4-7. An isoelectric 
focusing step was performed at a final voltage of 3500 V 
for 20 h. The second-dimension electrophoresis was per- 
formed on a Pharmacia ExcelGel 12.5% gel following 
standard procedures. Separated proteins were electropho- 
retically u-ansferred onto polyvinylidene fluoride mem- 
brane (MiUipore, Bedford. MA, USA). Immunostaining of 
the membrane was performed as described for the western 
blot analysis. 

2.2.4. Purification of antigen and immunization of mice 
Human cerebral sample was subjected to SDS-PAGE 

and the gel was stained with Coomassie brilliant blue. The 
band in the gel corresponding to the band labeled by 
immunostaining was cut out and the protein in the gel 
slices was elecu-ophoretically recovered (Hunkapiller et al. 
1984). A 10 ^jLg weight of the purified protein was 
dissolved in 100|ul1 of phosphate buffered saline (PBS), 
mixed with the same volume of complete adjuvant and 
injected intraperitoneally into female BALB/C mice. At 
intervals of three weeks the mice were inoculated with the 
antigen in conjuncdon with incomplete adjuvant for a total 
of four times. After the last inoculation, we confirmed that 
a high liter antibody to the 48 kd antigen had been raised 
in the mice sera by western blotting. 

2.2.5. Purification of tnouse IgG 

The IgG fraction of the mice sera was purified by 
protein G Sepharose column chromatography (Pharmacia). 
Anti-£. coU antibody in the IgG fraction was removed by 



loading the fraction onto a CNBr-activated Sepharose 
colunui previously coupled with constituent proteins of £. 
coli. Removal of anti-£. coli antibody was confirmed by 
western blotting using lysate of E. coli as an antigen. The 
purified IgG was stored at 4**C with 0.02% sodium azide as 
a preservative until use. The IgG was diluted with Tris- 
buffered saline (TBS) to lOjxg/ml and used as a probe for 
immunoscreening. 

2.2.6. Screening of a cDNA library 

We screened a lambda zap human cerebral cDNA 
expression library (Stratagene, La Jolla, CA, USA) with 
the mouse IgG. According to the manufacturer's infor- 
mation, this library was constructed using mRNA extracted 
from cerebral cortex of a 85-year-old female. The recombi- 
nant phages (2X10^ plaque forming units) were plated on 
agar plates seeded with E. coli strain XL 1 -Blue and 
incubated at 42''C for 3.5 h. Then the plates were overlaid 
with filters soaked in 10 mM isopropyl-p-D-thiogalactoside 
(IPTG) which was used for induction of expression of 
fusion proteins, and incubated at 3TC for an additional 3.5 
h. The filters were washed in TBS, and incubated widi the 
purified mouse IgG for 1 h at room temp)erature and then 
with diluted alkaline phosphatase-conjugated anti-mouse 
IgG (1:1000 dilution, Bio-Rad, Hercules, CA. USA) for 1 
h. After washing in TBS, the filters were stained by 
nitroblue teu-azolium chloride and bromochioroin- 
dolylphosphate solution (Sambrook et al., 1989), and 
positive plaques of the recombinant phages were recovered 
from the agar plates. We repeated these procedures until 
100% of the plaques gave positive signals. 

2.2 J. Subcloning of the cDNA into plasmid vectors 

The cDNA fragments carried in the positive clones 
identified from the screening of the cDNA library were 
subcloned into pBluescript vector using an in vivo excision 
protocol according to the manufacturer's instructions for 
the lambda zap cDNA library. Th^ subcloned cDNAs were 
further subcloned intc pGEX 4T-3 expression vector 
(Pharmacia) using the T-A overhang cloning method 
(Finney, J 995). We considered that the T-A cloning 
method would prevent the inserts from unexpected diges- 
tion by restriction endonucleases because we did not know 
the sequences of the inserts at this time. The cDNAs within 
pBluescript vectors were amplified by . the polymerase 
chain reaction method using a pair of vector-based primers 
(SK and KS primer, Stratagene) and purified by low 
melting point agarose gel electrophoresis and subsequent 
recovery of the amplified fragments from the gel (Sam- 
brook et al., 1989). An expression vector was prepared by 
digestion using Sma I resuiction endonuclease and addi- 
tion of a single T to the 3' end of the digested vector using 
Taq DNA polymerase. The purified cDNAs were ligated 
into the prepared vector with the T overhang. After 
ligation, all plasmids were transformed into E. coli XLl- 
BJue. 
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2.2.8. Induction of expression and analysis of fusion 
proteins encoded by the cDNAs 

The glutathione-S-transferase (GST) gene fusion system 
is a bacterial expression system to express foreign proteins 
as fusions with GST. Fusion proteins can be purified from 
bacterial lysate by affinity chromatography using gluta- 
thione-agarose beads (Smith and Corcoran, 1994). The 
transformed clones were grown in liquid media containing 
100 fLg/ml ampiciJlin up to an optical density of 0.6 and 
the expression of fusion proteins was induced by addition 
of BPTG to a concentration of 1 mM. After two hours of 
incubation at 37^, the cells were harvested by centrifuga- 
tion and resuspended in PBS containing 0.1% Triton X- 
lOP^and 0.25% sarcosine. and sonicated. The lysates were 
centrifuged to remove insoluble material. Glutathione 
Sepharose beads (Pharmacia) were added to the super- 
natants to absorb the fusion proteins. After four washes in 
PBS, the fusion proteins were eluted from the beads by 
addition of 10 mAf glutathione solution. 

The purified fusion proteins were analyzed by western 
blotting using the patient serum and the mouse antibody. 
When the fusion proteins reacted with both probes, we 
regarded the clones which expressed the fusion proteins as 
the clones which carried cDNA fragments encoding the 48 
kd antigen. 

2.2.9. DNA sequence analysis 

Sequencing was performed according to the dye-di- 
deoxy termination method using a 373A automated DNA 
sequencer (Perkin-Elmer, Applied Biosystems Division, 
Foster City, CA, USA). The cDNAs carried on the 
pBluescript vector in the positive clones were sequenced 
for both strands using M13 universal, reverse primers and 
internal oligonucleotide primers. Sequences were analyzed 
for homology to known cDNA sequences using Gen etyx- 
Mac software (Software Development, Tokyo, Japan) to 
Search the Genbank® database. 

2.3. Absorption assay 

Sequence analysis revealed that the cloned cDNAs were 
fragments of the GFAP cDNA (Reeves et al., 1989). Thus 
absorption of the patient serum with GFAP was performed 
to confirm that the 48 kd antigen was GFAP. Purified 
GFAP, purchased from Progen Biotechnik (Heidelberg, 
Germany), was incubated with the patient serum (1:2000 
dilution) overnight at 4T. After incubation, the reaction 
mixtures were then centrifuged and the supematants were 
tested for decrease in immunoreactivities against the 48 kd 
antigen by western blotting. We also used a polyclonal 
anti-GFAP rabbit antibody (Dako, Copenhagen, Denmark) 
as a standard antibody for control studies. 

2.4. Screening for the presence of a circulating anti- 
GFAP antibody in the sera of demented patients 

To investigate the role of anti-GFAP antibody in the 



pathogenesis of dementia, we screened for the presence of 
a circulating anti-GFAP antibody in the sera of demented 
patients and control subjects. Serum samples were ob- 
tained from 26 patients with AD including both presenile 
and senile onset AD, 20 patients with VD, 12 subjects with 
diseased conditions (8 patients with spinocerebellar de- 
generation and 4 patients with meningoencephalitis with 
systemic lupus erythematosus or SS) and 25 normal 
controls. Diagnosis of AD or VD was neuropathologically 
established at postmortem examinations. All serum sam- 
ples were tested by western blotting using the purified 
GFAP as an antigen. Before screening, we determined an 
optimal diluuon of serum samples (1:4000 dilution) that 
gave distinct reactivity of the patient serum with GFAP but 
no non-specific reactivity of control sera with GFAP. 



3. Results 

On western blotting using bovine samples as antigens, 
the serum of our patient binds to a 48 kd antigen in the 
cerebrum, cerebellum and spinal cord, but did not react 
with proteins from the liver (Fig. 2). At a 1:2000 dilution 
of the serum, we did not detect immunoreactivities of 
ANA or anti-RNP antibody on the western blotting. 
However, we confirmed that western blot showed addition- 
al bands which might represent systemic autoantibodies 
when the serum was applied at a lower dilution. We 
extracted the 48 kd antigen from polyacrylamide gel and 
inoculated it into mice. On a western blotting, the serum 
from the immunized mice exhibited strong imrauno- 
reactiviiy with the 48 kd antigen (Fig. 3). There were 
many additional bands of lower molecular weight which 
were also immunostained. These were probably degra- 



patient control 

kd - ■ i 

Gr a Sp L Cr CI Sp L 

Fig. 2. Western blotting of bovine samples stained with the patient serum 
and control serum (1:2000 dilution). Immunoreactivities with a 48 kd 
antigen are observed in the lanes of the cerebrum (Cr), cerebellum (CI) 
and spinal cord (Sp) but not in the lane of the liver (L), There are some 
faint bands of lower molecular weights which seem to be degradation 
prcxiucts of the 48 kd anUgen. The immunoreactivities are detectable at 
least up to a 1:10 000 dilution of the patient serum. The control serum 
reacted with an unknown band in the lane of L. which we did not 
investigate further. 
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Fig. 3. Western blotting of the bovine cerebral proteins stained with the 
scrum from the mouse immunized with the 48 kd antigen (1:10 000 
dilution) and the patient serum (1:2000 dilution). Suong immunoreactivi- 
ty with the 48 kd band (amow) with additional bands of smaller molecular 
weights can be seen. 



dation products of the 48 kd antigen. However, we could 
not deny the possibility that additional bands niight 
represent contaminant proteins present in the antigen 
preparation used for immunization of the mice or other 
proteins carrying similar epitopes to GFAP. 

We screened 2X10^ recombinants of a human cerebral 
cDNA expression library using the purified mouse IgG as a 
probe and isolated twenty positive clones of lambda 
phages. The cDNA fragments carried in these twenty 
clones were subcloned into pBluescript vector and then 
into pGEX 4T-3 expression vector, and the expression of 
GST-tagged fusion proteins was induced. We screened 
isolated fusion proteins by western blotting and identified 
two independent clones (clone 1 and clone 2) encoding the 
fusion proteins recognized by both the mouse IgG and the 
patient serum. The plasmids, clone I and clone 2, had 
inserts of approximately 1.2 kilobases (kb) and 2.8 kb, 
respectively. 

A homology search of the sequences in the Genbank 
database revealed that the inserts in both clones consisted 
of fragments of the cDNA encoding human GFAP (Fig. 4). 
The sequence of each insert was 100% homologous to the 
corresponding part of the GFAP cDNA. Both inserts 
started within the open reading frame (ORF) of the GFAP 
cDNA and contained a stop codon. Clone 2 contained a 
polyA stretch in the 3 ' terminal region, but clone 1 stopped 
immediately after the stop codon of the GFAP cDNA. 

To further confimi that the 48 kd band on the westem 
blotting represented GFAP, the patient serum was absorbed 
with the purified GFAP prior to westem blotting. The 
immunoreactivity of the patient serum with the 48 kd 
antigen was clearly reduced after the absorption as found 
on westem blotting of the standard anii-GFAP antibody 
absorbed with the purified GFAP (Fig. 5). 
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Fig. 4. Schematic iUustration showing relationship between human GFAP 
CDNA and the cloned cDNAs. The complete sequences a/id the open 
reading frame (ORF) of the GFAP cDNA is shown at Uie top of this 
figure. Both inserts staned within ORF of the GFAP cDNA (position 351 
ajid 270. respectively) and contained a stop codon of the GFAP cDNA 
(position 1302). aone 2 contained a polyA stretch in the 3' tcrrninal 
region (position 3017), but done 1 stopped at position 1501 of the GFAP 
cDNA, immediately after the stop codon. Shaded box represents ORF of 
the GFAP cDNA. Numbers represent positions in the sequence of the 
GFAP cDNA. 



To characterize the anti-GFAP antibody contained in the 
patient serum, we performed 2-D blotdng and compared 
the immunostaining pattern using the patient serum with 
that using the standard and-GFAP antibody (Fig. 6). The 
standard antibody reacted with multiple spots which 
represented GFAP molecules which had the same molecu- 
lar weight but different isoelectric points (p/s). The p/s of 
the spots varied widely. There were many degradation 
products with lower molecular weights than intact GFAP. 
These degradation products appeared to be increasingly 
acidic with decreasing molecular weight as reported by 
Dahl et al. (1982); Bigbee et al. (1983). In contrast, 
immunoreactivity of the patient serum was restricted to a 
subset of GFAP molecules with relatively high p/s. 

Furthermore, we screened for the presence of a circulat- 
ing anti-GFAP antibody in the sera of 26 AD patients. 20 
VD patients, 12 subjects with diseased conditions and 25 
normal controls. Among them, only one VD patient had an 
anti-GFAP antibody. Interestingly, on a 2-D bloning. the 
semm from die VD patient reacted with a subset of GFAP 
molecules which was more acidic than the subset with 
which the serum from our patient reacted (Fig. 7). 



4. DiscussioQ 

In this study, sequence analysis of the cloned cDNAs 
revealed that the 48 kd antigen recognized by the patient 
sertim was GFAP. The results of the absorption assay using 
purified GFAP confirmed that the anti-CNS antibody in the 
serum of our patient reacted with GFAP. On 2-D blotting, 
the anti-GFAP antibody of our patient was characterized 
by its unique immunostaining pattern. The serum of our 
patient reacted with a restricted subset of GFAP molecules 
with relatively high p/s in contrast with the standard 
antibody or the serum from the VD patient which reacted 
with a more acidic subset. In addition, we performed 
immunostaining of bovine cerebral sections to investigate 
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antibody anli-GFAP anti-GFAP patient patient patient 

absorption + - + - BSA 

Fig, 5. Absorption of ihe serum with GFAR The senim from the patient and a standard anli-GFAP antibody (Dako, Copenhagen, Denmark) were absorbed 
with GFAP (0.2 mg/ml) prior lo western blotting. Immunorcactivities of the patient serum and standard antibody were markedly decreased by absorption 
with GFAR Lanes: (1 ) standard anti-GFAP antibody absorbed with GFAP; (2) standard antibody without absorption; (3) the patient senim absorbed with 
GFAP; (4) the patient serum without absorption; (5) the patient serum absorbed with bovine serum albumin (BSA. 0.2 mg/ml) instead of GFAP. 



4.4 <r-pH ~* . 6.4 4.4 pH 6.4 . 




ami-GF.AP antibody patient 



Fig. 6. Immunoblotting following two-dimensional gel electrophoresis (2-D blotting) using the patient serum and the standard anti-GFAP antibody as a 
probe. The standard anti-GFAP antibody binds to the 48 kd antigens of the wide p/ range. The patient serum reacts with a subset of the 48 kd antigens of 
higher p/s. 



histologically the specificity of the serum; the senim 
reacted strongly with the nuclei of neurons and astrocytes 
but not clearly with the cytoplasm of astrocytes (data not 
shown). This strong nuclear staining seemed to represent 
the presence of ANA in the serum of our patient. 
— ^It-is-known-that-GFAP- molecules-migrate-as-multiple - 
spots with the same molecular weight but different p/s on 
2-D EP (Bigbee and Eng, 1982). These differences in die 
p/s of GFAP molecules depend on the degree of phos- 
phorylation (Inagaki et al., 1994). The higher the degree of 
phosphorylation of a GFAP molecule, the more acidic it 
becomes. The solubility of GFAP is also correlated to the 



degree of phosphorylation (Inagaki et al., 1994). The 
anti-GFAP andbody of our patient seems to react with 
GFAP molecules with a low degree of phosphorylation and 
low solubility. If the anti-GFAP antibody of the patient 
was raised in response to the leakage of soluble GFAP 

through-thedamaged-blood-brain-barrier-(BBB)as-a result 

of a CNS disorder, the antibody would react with soluble 
rather than insoluble GFAP. Indeed, the anti-GFAP anti- 
body from the VD patient reacted with the acidic and 
soluble subset of GFAP molecules. This result also sup- 
ported our hypothesis that the anti-GFAP antibody in our 
patient was not generated in response to soluble GFAP but 



our patient 



VD patient 




Fig. 7. Two-D blotting stained with the serum from the VD patient who had a circulating anti-GFAP autoantibody in his semnt The serum from the VD 
patient reacts with a subset of GFAP molecules which is more acidic than the subset with which the serum from our patient reacts. 
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was generated actively against insoluble GFAP. On the 
other hand, the result that the immunoreactivity of the 
anti-GFAP antibody of our patient was not delected upon 
immunohistochemical analysis, despite the strong immuno- 
reactivity on the western blotting, suggests that the epitope 
of the antigen may be concealed in situ due to intra- or 
intermolecular conformation. To be recognized by the 
immune system, the hidden epitope must be exposed. 
However, the exposure process did not seem to be a mere 
degradation process, because, if exposure of epitope 
depended simply upon a degradation process, immuno- 
reactivity of the anti-GFAP antibody must be stronger in 
proportion as GFAP molecules become more acidic and 
smaller on 2-D blotting. The autoantibody to an insoluble 
subset of GFAP molecules might be actively generated on 
the basis of dysregulation of the immune system in 
association with a systemic autoimmune disorder. Molecu- 
lar mimicry to invading organisms may be an alternative 
etiology of generation of the anti-GFAP antibody. How- 
ever, we do not consider that this is the case because the 
patient had no evidence of infection before or at the onset 
of dementia. 

In addition to our patient, we found an anti-GFAP 
antibody in the serum of only one patient with VD but in 
the serum of none with AD in this study. There have been 
several reports regarding the presence of a circulating 
anti-GFAP antibody in the sera of demented patients. 
Tanaka et al. (1988) reported a high incidence (80%) of 
the presence of an anti-GFAP antibody in the sera of AD 
patients, whereas Mecocci et al. (1992), (1995) reported 
that the level of an anti-GFAP antibody was higher in the 
sera of VD patients than in the sera of AD patients, 
attributing the generation of anti-GFAP antibody to an 
alteration of the BBB in VD patients. The discrepancy 
between such previous reports and ours may be due to the 
purity of GFAP used in screening for the presence of an 
anti-GFAP antibody and the sensitivity of the screening. In 
ours and previous studies, isolated GFAP was used as an 
antigen for the screening. However, the isolated GFAP 
necessarily contained a small amount of contaminating 
proteins (Dahl and Bignami, 1973; Li em and Shelanski, 
1978; Rueger et al., 1978) which might cause false- 
positive reactions in enzyme-linked immunosorbent assay 
(ELISA). In this study, we chose to use western blotting 
instead of ELISA in order to distinguish the GFAP band 
from odier bands representing contaminating proteins. The 
sensitivity of western blotting is generally lower than that 
of ELISA. In our screening study, we deliberately adjusted 
the western blotting sensitivity to a lower level than usual 
in order to obtain a high selectivity and to prevent non- 
specific reactions. The differences in the method used and 
the screening assay conditions may be reasons for differ- 
ences in the incidence of the detection of an anti-GFAP 
antibody in the sera of demented patients. 

GFAP is one of the brain-specific proteins in astrocytic 
glia and the major component of giiosed tissue (Bignami et 



al., 1980; Steinert and Roop, 1988), but its function has 
not yet been completely elucidated. Weinsiein et al. (1991 ) 
demonstrated that the suppression of GFAP expression by 
antisense mRNA treatment resulted in the inability of 
formation of stable astrocytic processes. Liedtke el al. 
(1996) reported that GFAP-deficient mice generated by 
gene targeting exhibited incomplete myelination in the 
optic nerve and inability of septation of the white matter in 
the spinal cord. However, other researchers reported that 
lack of GFAP had no effect upon development and 
behavior of GFAP-deficient mice (Pekny et al, 1995; 
Shibuki et al., 1996). Although it is still not clear whether 
the lack of GFAP itself can cause dementia, astrocytes 
have important roles in forming the BBB and maintaining 
an appropriate environment for neurons (Manthorpe et al., 
1986; Janzer and Raff, 1987). Yamada et al. (1991) 
reported a possible role of anti-astrocyte antibody in AIDS 
dementia complex, although the astrocytic antigen was not 
GFAP but a 43 kd protein. We speculate that ill effects on 
astrocytes by the anti-GFAP antibody may lead to neuronal 
dysfunction, and then to dementia. 

For immunoscreening of a cDNA library, we used IgG 
purified from die serum of a mouse immunized with the 48 
kd antigen isolated by SDS-PAGE, because the patient 
serum contained other autoantibodies and anti-£, coli 
antibody in large quantities. In general, if a suitable 
antibody is not available for immunoscreening, protein 
microsequencing will be used instead of cDNA screening. 
In our case, however, we could not use protein mi- 
crosequencing. On 2-D blotting using the serum of our 
patient, multiple spots connected to each other by streaks 
were observed and it was difficult to identify the target 
antigen of the antibody. Our cloning method is unusual 
and complicated, but it will be effective if common 
methods are not suitable. 

In conclusion, we demonstrated that an antibody to a 48 
kd CNS antigen in a demented patient with an autoimmune 
disorder recognized a unique subset of GFAP molecules. 
The antibody might be generated actively on the basis of 
dysregulation of die immune system. The antibody might 
impair astrocytic function and play a role in the patho- 
genesis of the immune-mediated dementia. This is the first 
report of heterogeneity in the specificity of anti-GFAP 
antibodies in demented patients. Although further inves- 
tigations are necessary to elucidate the pathomechanism 
underlying the immune-mediated dementia, our findings 
concerning the diversity of Uie anti-GFAP antibody should 
facilitate its characterization. 
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